Ye Y, Griffin MJ. Reductions in finger blood flow in men and women induced by 125-Hz vibration: association with vibration perception thresholds. J Appl Physiol 111: 1606 -1613 , 2011 . First published September 15, 2011 doi:10.1152/japplphysiol.00407.2011.-Vibration of one hand reduces blood flow in the exposed hand and in the contralateral hand not exposed to vibration, but the mechanisms involved are not understood. This study investigated whether vibration-induced reductions in finger blood flow are associated with vibrotactile perception thresholds mediated by the Pacinian channel and considered sex differences in both vibration thresholds and vibration-induced changes in digital circulation. With force and vibration applied to the thenar eminence of the right hand, finger blood flow and finger skin temperature were measured in the middle fingers of both hands at 30-s intervals during seven successive 4-min periods: 1) pre-exposure with no force or vibration, 2) pre-exposure with force, 3) vibration 1, 4) rest with force, 5) vibration 2, 6) postexposure with force, and 7) recovery with no force or vibration. A 2-N force was applied during periods 2-6 and 125-Hz vibration at 0.5 and 1.5 ms Ϫ2 root mean square (r.m.s.; unweighted) was applied during periods 3 and 5, respectively. Vibrotactile thresholds were measured at the thenar eminence of right hand using the same force, contact conditions, and vibration frequency. When the vibration magnitude was greater than individual vibration thresholds, changes in finger blood flow were correlated with thresholds (with both 0.5 and 1.5 ms Ϫ2 r.m.s. vibration): subjects with lower thresholds showed greater reductions in finger blood flow. Women had lower vibrotactile thresholds and showed greater vibration-induced reductions in finger blood flow. It is concluded that mechanoreceptors responsible for mediating vibration perception are involved in the vascular response to vibration.
OCCUPATIONAL EXPOSURE to the vibration of hand-held tools can result in a vasospastic disorder in the fingers commonly called vibration-induced white finger (VWF). The pathogenesis of VWF is not clear: central sympathetic reflex mechanisms, locally mediated mechanisms, or a combination of both have been invoked to explain VWF.
Studies of changes in finger blood flow caused by acute exposures to vibration have contributed to an understanding of the vascular responses to hand-transmitted vibration. Experimental studies have found that vibration of a hand provokes reductions in finger blood flow, with the extent of the response dependent on the magnitude and the frequency of the vibration (5, 8, 34) . The reductions have been observed in fingers on both hands exposed to vibration and unexposed (i.e., contralateral) hands, but tend to be more pronounced in fingers on the vibrated hand (4 -6, 8) . It seems that vibration reduces blood flow through a sympathetic reflex mechanism that causes vasoconstriction in the fingers on both hands, but that this may not be the only cause of vasoconstriction (3, 7) . After cessation of vibration, vasoconstriction remains in both hands for a period that depends on the magnitude, the frequency, and the duration of the exposure to vibration (4 -6) .
The mechanisms responsible for a sympathetic vasoconstriction have not been explored, but it seems reasonable to hypothesize that mediation by one or more of the various tactile channels may be involved. Vibrotactile sensations on the glabrous skin of the hand are determined by four psychophysical channels (2) . The Pacinian (P) channel, mediated by the Pacinian corpuscles, has the lowest threshold at frequencies between ϳ40 and 400 Hz and possesses a U-shaped thresholdfrequency characteristic (38) . This channel is highly sensitive to changes in skin surface temperature (1) and to changes in stimulus size and duration (35) (36) (37) . Of the three non-Pacinian (NP) channels, NPI often determines thresholds at frequencies between ϳ2 and 40 Hz and has the Meissner corpuscle as the mechanoreceptor associated with rapidly adapting (RA) fibers (2, 15) . Two further NP channels, NPII and NPIII, are associated with slowly adapting fibers and have been identified from the results of psychophysical experiments (2, 10, 15) . The NPII channel responds to vibration at similar frequencies to the Pacinian channel (40 -400 Hz), but has lower sensitivity unless a small stimulus area is used (2, 15) . The mechanoreceptor for the NPII channel has not yet been identified neurophysiologically in humans, but may be similar in structure to Ruffini endings (39) . The NPIII channel may have a lower threshold than other channels in the range 0.4 and 4 Hz and has Merkel discs as the mechanoreceptor. For these four channels, similar frequency responses have been found in psychophysical studies and in neurophysiological responses of individual nerve fibers (15, 16, 18) .
The channel involved in tactile perception depends on various factors including the contact conditions (e.g., size of the vibrating contactor and surround), as well as the frequency and the magnitude of vibration. By selecting a suitable combination of contact conditions and vibration stimulus it is possible to excite selectively one or more of the channels (15, 16, 30) . With progressively increasing magnitude of 125-Hz vibration applied to the thenar eminence of the hand, the Pacinian corpuscles will normally be the first to be activated and transmit information signaling the presence of vibration to the central neural system. With further increases in the magnitude of vibration, other mechanoreceptors will be activated and contribute to tactile perception of the vibration.
Previous experimental studies of vasoconstriction caused by hand-transmitted vibration appear to have been conducted exclusively in men. Vibrotactile thresholds have also been mainly investigated in men, but a few studies have compared thresholds in men and women. While some have reported no significant differences in thresholds between men and women (27, 33) , others have found lower thresholds in women (21, 23) . If thresholds differ between men and women and the psychophysical channel responsible for the difference is involved in mediating the vasoconstriction caused by vibration, there should be a difference in the vascular response to vibration between men and women.
This study was designed to extend understanding of the mechanisms involved in regulating finger blood flow during vibration by investigating whether there is a relation between vibrotactile perception thresholds and vibration-induced reductions in blood flow and compare the responses of men and women. The study was conducted with 125-Hz vibration because contact conditions could be arranged for this frequency to stimulate solely the Pacinian corpuscles (30, 37) and it was known that finger blood flow on both hands could be reduced by low magnitudes of vibration (5, 34) . It was hypothesized that changes in finger blood flow induced by vibration would be correlated with vibrotactile perception thresholds if the vibration was presented at a magnitude greater than the absolute threshold for the perception of the vibration. It was also hypothesized that both vibrotactile thresholds and the vascular response to vibration would differ between male and female subjects.
METHOD
Subjects. Forty healthy volunteers, 20 men and 20 women, participated in the study. All subjects were University students with no history of significant (regular or prolonged) exposure to hand-transmitted vibration in occupational or leisure activities. They completed a health questionnaire, read a list of medical contraindications, and gave their written informed consent to the study. None of the subjects reported cardiovascular or neurological disorders, connective-tissue diseases, injuries to the upper extremities, or a family history of Raynaud's phenomenon. All were right-handed and nonsmokers. The subjects were requested to avoid consuming caffeine for 2 h and alcohol for 12 h prior to the testing. The study was approved by the Human Experimentation Safety and Ethics Committee of the Institute of Sound and Vibration Research at the University of Southampton.
Vibrotactile perception thresholds. Vibrotactile perception thresholds were measured using an HVLab Vibrotactile Perception Meter, VPM (University of Southampton) with the subject seated ( Figure 1 ). The diameter of the vibrating probe was 6 mm, and the gap between the probe and a fixed circular surround was 2 mm. The subjects applied a downward force of 2 N on the surround with the thenar eminence of their right hand and monitored the force on the electronic indicator of the VPM control unit. Using the von Békésy algorithm, the magnitude of vibration of the probe increased or decreased continuously at 3 dB/s, with the direction of change of stimulus magnitude reversed according to the response of the subject: the magnitude decreased until the subject no longer perceived vibration and then increased until the subject began to perceive vibration. Subjects responded by pressing a button when perceiving vibration. The minimum duration of each threshold determination was 30 s, and the minimum number of peaks or troughs to be completed in each threshold measurement (i.e., button presses and button releases) was six. If necessary, the measurements continued beyond 30 s until six cycles were obtained. Thresholds were calculated as the geometric mean of the reversals, expressed in ms Ϫ2 r.m.s. (i.e., root mean square), the first cycle of the measurement being ignored. The perception of 125-Hz vibration at threshold (and 10 or 20 dB above threshold) is normally mediated by the P channel (with Pacinian corpuscles) with the geometry of the apparatus used in this study (30, 33) .
Finger blood flow. Finger blood flow (FBF) was measured in the middle finger of both hands by a strain-gauge plethysmographic technique. Mercury-in-silicon strain gauges were placed at the base of the finger nails, and plastic pressure cuffs for air inflation were fixed around the proximal phalanges. The pressure cuffs and strain gauges were connected to a plethysmograph (HVLab Multi-channel, University of Southampton).
The FBF was measured with a venous occlusion method. The pressure cuffs were inflated to a pressure of 60 mmHg (8.0 kPa), and the rise in fingertip volume was detected by means of the strain gauge according to the criteria given by Greenfield et al. (17) . The FBF measurements were expressed as milliliters per 100 milliliters per second.
Temperature. Finger skin temperature (FST) was measured using k-type thermocouples attached by micropore tape to the distal phalanx of the right and left middle finger. Room temperature was measured by a mercury-in-glass thermometer to an accuracy of Ϯ0.5°C. The thermometer was located close to the heads of subjects. Room temperature and skin temperature were controlled and monitored to minimize the effect of temperature on FBF and vibrotactile thresholds (2, 41) .
Protocol. The experiment was conducted in a laboratory with a mean air temperature of 25.5°C (SD 0.4). Initially, the FST was measured and the experiment proceeded only if the skin temperature was Ͼ30°C. The vibrotactile perception threshold at 125 Hz was then determined at the thenar eminence of the right hand of each subject. Subjects sat on a seat next to a table supporting the vibrotactile perception meter and the height of the seat was adjusted so that subjects were comfortable and able to maintain a force of 2 N between their hands and the surround to the vibrating probe.
To determine the vascular response to vibration, 125-Hz sinusoidal vibration was applied to the thenar eminence by the VPM using the same contact conditions used to measure the perception threshold. Subjects lay supine with both arms and both hands supported at heart level. After 20 min of acclimatization, FBF was measured simultaneously in the left and right hand at 30-s intervals for 28 min throughout the seven successive 4-min periods (with no break between the 7 periods) (Fig. 2) . The first set of eight measurements of FBF (over 4 min during the pre-exposure period without force) was obtained with the subjects in the same posture as during acclimatization. The subjects then applied a downward force of 2 N with the thenar eminence of their right hand on the applicator of the HVLab Vibrotactile Perception Meter (i.e., the same contact conditions used to obtain their vibrotactile thresholds). The hand was in a comfortable posture with all fingers suspended in air. Visual feedback for the control of downward force was again supplied by the control unit of the VPM.
Sinusoidal vertical vibration of the VPM probe was produced at a frequency of 125 Hz at an unweighted acceleration of 0. (25) . The 2-N push force was held constant until, at the 24th min, the subjects were asked to release the force while keeping their hand in the same posture.
Statistical methods. Data analysis was performed using SPSS (version 17.0). The data were summarized with the median as a measure of central tendency and the interquartile range (IQR) as a measure of dispersion. Nonparametric tests (Friedman test for k-related samples, Wilcoxon matched-pairs signed ranks test for tworelated samples, Mann-Whitney test for two independent samples, and Spearman rank correlation coefficient) were employed in the statistical analysis.
The Friedman test was used to test for differences between the eight measurements of FBF during each of the seven 4-min periods. A Wilcoxon matched-pairs signed ranks test was used to investigate differences in the median FBF between the seven 4-min periods. The Mann-Whitney test was used to investigate differences between male and female subjects. Spearman rank correlations were used to investigate associations between vibrotactile perception thresholds and reductions in FBF induced by vibration. The criterion for statistical significance was P Ͻ 0.05.
RESULTS
The room temperature did not differ between the seven 4-min experimental periods (range of median values 24.8 to 25.6°C; P Ͼ 0.1; Friedman).
The medians and IQR of the age, body size, and vibration perception thresholds of the male and female subjects and their FBF during the pre-exposure period (period 1) are shown in Table 1 .
There were significant differences between male and female subjects in their stature (P ϭ 0.008, Mann-Whitney), weight (P Ͻ 0.001, Mann-Whitney), finger volume (P ϭ 0.012, Mann-Whitney), and body mass index (BMI; P Ͻ 0.001, Mann-Whitney). The male and female subgroups did not differ in age (P ϭ 0.36, Mann-Whitney).
Vibrotactile thresholds. Thresholds were higher in men (median 0.64, IQR: 0.31-0.97) than in women (median 0.43, IQR: 0.22-0.70; P ϭ 0.014, Mann-Whitney). Thresholds within the male and female subgroups were not correlated with stature, weight, BMI, finger volume, or age (P Ͼ 0.05; Spearman).
Finger skin temperature. During pre-exposure (period 1), the median FST varied from 31.4 to 34.3°C on the right middle finger (exposed hand) and from 31.1 to 34.6°C on the left middle finger (unexposed hand) for male subjects, and from 28.9 to 33.2°C on the right finger and from 29.3 to 33.0°C on the left finger for the female subjects. There was no significant difference in FST between the right and left hands. On both hands, FST was significantly higher in men than women (P Ͻ 0.05; Mann-Whitney).
FST did not differ between the seven 4-min experimental periods on either hand for either gender (P Ͼ 0.05; Friedman).
Finger blood flow. On both hands, the median FBF over the 4-min pre-exposure period was positively correlated with FST within the men (right: P ϭ 0.009; left: P ϭ 0.021; Spearman) and the women (right: P ϭ 0.012; left: P ϭ 0.038; Spearman). The FBF within the male and female subgroups was not correlated with stature, weight, BMI, or age (P Ͼ 0.05; Spearman). There was a positive correlation between the FBF and finger volume on both hands within the men (right: P ϭ 0.017; left: P ϭ 0.019; Spearman) and the women (right: P ϭ 0.034; left: P ϭ 0.042; Spearman). The median FBF was significantly greater in men than in women for both left and right hands (P Ͻ 0.05; Mann-Whitney). There was no difference in FBF between the right and left middle fingers for men (P ϭ 0.27; Wilcoxon) or women (P ϭ 0.12; Wilcoxon). For each individual, the eight FBFs measured during periods 1-7 were expressed as percentages of the median FBF measured during period 1, the pre-exposure period (i.e., FBF%). The FBF% at 30-s intervals in the middle finger of the right (exposed) hand and the left (unexposed) hand during the seven 4-min experimental periods is shown for male and female subjects in Fig. 3 .
For each individual, the FBF during each of the seven periods was then taken as the median of the eight FBF measurements in each period. The application of 2-N force with the thenar eminence of the right hand during period 2 did not change FBF from that measured during period 1 in either finger for either the men or the women (P Ͼ 0.05).
Compared with the baseline values of FBF obtained during period 1, the application of 125-Hz vibration at 0.5 ms Ϫ2 r.m.s. during period 3 reduced FBF in the middle finger of the right (exposed) hand (P Ͻ 0.001), but not the left (unexposed) hand (P ϭ 0.087) of female subjects. There was no significant change in FBF in either finger of the male subjects (right: P ϭ 0.11; left: P ϭ 0.23, Wilcoxon).
During the 4-min rest period with force (period 4), FBF in the middle finger of the right (exposed) hands of female subjects was increased compared with the FBF during period 3 (P ϭ 0.001), but significantly lower than the FBF during period 1 (P ϭ 0.033) and period 2 (P ϭ 0.024). There was no significant difference in FBF in the middle finger of the left (unexposed) hand in women or either hands in men.
During period 5, compared with the median values of FBF in period 1, the application of 125-Hz vibration at 1.5 ms Ϫ2 r.m.s. reduced FBF in both hands of the women (right and left: P ϭ 0.001) and the men (right: P ϭ 0.001; left: P ϭ 0.021). The reduction in FBF% caused by 1.5 ms Ϫ2 r.m.s. vibration was greater on the right (exposed) hand than on the left (unexposed) hand for both men and women (P Ͻ 0.001). The reduction in FBF% was significantly greater for women than men on both the exposed right hand (P Ͻ 0.01, MannWhitney) and the unexposed left hand (P Ͻ 0.05, MannWhitney) during exposure to 1.5 ms Ϫ2 r.m.s. vibration (in period 5). The median FBF was less during the 4-min exposure to 1.5 ms Ϫ2 r.m.s. than during exposure to 0.5 ms Ϫ2 r.m.s. in both hands of women (right: P ϭ 0.036; left: P ϭ 0.008) and men (right: P ϭ 0.012; left: P ϭ 0.021).
During postexposure application of force (period 6), compared with exposure to 1.5 ms Ϫ2 r.m.s. vibration (period 5), there were significant increases in FBF on both exposed and unexposed hands of both men and women (P Ͻ 0.001, Wilcoxon). However, the median FBF on both hands of both the men and the women were significantly lower than the baseline FBF during period 1 (P Ͻ 0.001, Wilcoxon). There was no significant change in FBF across the eight measurements during postexposure application of force (period 6) on either hand of either the men or the women (P Ͼ 0.1, Friedman).
During recovery in period 7, the FBF on both the exposed and the unexposed hand increased compared with period 6 for both men (right: P ϭ 0.015, left: P ϭ 0.037) and women (right: P ϭ 0.045, left: P ϭ 0.025). There was no significant difference in FBF on the unexposed left hand between period 7 and period 1 for either men (P ϭ 0.073) or women (P Ͼ 0.1), suggesting recovery of FBF was complete in this hand. However, the FBF on the exposed hand during period 7 was significantly lower than during period 1 for both men (P ϭ 0.048) and women (P ϭ 0.001), indicating that the FBF on the exposed hand had not fully recovered. There were significant increases in FBF over this 4-min recovery period on both hands of the men and the women (P Ͻ 0.05, Friedman).
Relation between vibrotactile perception threshold and FBF. The associations between vibrotactile perception thresholds and FBF% in the right and left middle fingers during exposure to 0.5 and 1.5 ms Ϫ2 r.m.s. in periods 3 and 5 are shown in Fig. 4 . It may be seen that vibration tended to reduce FBF when it was presented at a magnitude greater than the absolute threshold for the perception of the vibration by the subject.
The 40 subjects were divided into two groups according to their vibrotactile thresholds: group A with thresholds higher than the vibration magnitude (either 0.5 or 1.5 ms Ϫ2 r.m.s.), and group B with thresholds lower than the vibration magnitude. The correlation between the vibrotactile thresholds and percentage reduction in FBF (i.e., FBF %) was tested separately within the two groups with both vibration magnitudes.
During exposure to 0.5 ms Ϫ2 r.m.s., the FBF% on both the exposed right hand and the unexposed left hand in group B 0.5 (thresholds Ͻ0.5 ms Ϫ2 r.m.s.) was positively correlated with the vibrotactile threshold on the thenar eminence of the right hand (right: P ϭ 0.031, left; P ϭ 0.052, N ϭ 17; Spearman) but not in group A 0.5 (thresholds Ͼ0.5 ms Ϫ2 r.m.s.; right: P ϭ 0.169, left: P ϭ 0.372, N ϭ 23; Spearman). Similarly, during exposure to 1.5 ms Ϫ2 r.m.s., the FBF% on both hands was correlated with the vibrotactile threshold in group B 1.5 (right: P ϭ 0.044, left: P ϭ 0.039, N ϭ 37; Spearman) but not in group A 1.5 (right: P ϭ 0.27, left: P ϭ 0.667, N ϭ 3; Spearman).
There was a significant difference in FBF% on the exposed right hand between group A 0.5 and group B 0.5 during exposure to 0.5 ms 
DISCUSSION

Circulatory effects of acute vibration.
A low magnitude (i.e., 0.5 ms Ϫ2 r.m.s.) of 125-Hz vibration reduced FBF in the middle fingers of the vibrated hands of female subjects but not male subjects. With the vibration magnitude increased to 1.5 ms Ϫ2 r.m.s., there was greater vasoconstriction in the female subjects and also significant reductions in FBF in the male subjects. The reductions in FBF were most pronounced in fingers on the vibrated hand but were also present in fingers on the nonvibrated hand. Previous studies have found that 125-Hz vibration applied to one hand can reduce FBF in fingers on both exposed and unexposed hands of healthy subjects and vibration-exposed workers with or without vascular disorders and that the extent of the reduction in FBF depends on the magnitude of the vibration (5, 19, 34) . Bovenzi et al. (5) reported that 15-min exposure of the right hand to 125-Hz vibration produced greater reductions in FBF on both the exposed and unexposed hand as the acceleration magnitude increased in four steps from 5.5 to 62 ms Ϫ2 r.m.s. With continuous increases in magnitude from 0 to 15 ms Ϫ2 r.m.s. (frequency weighted), Thompson and Griffin (34) found that 16, 31.5, 63, 125, 250, and 315-Hz vibration produced progressively greater reductions in FBF, with significant reductions caused by 250 and 315-Hz vibration at magnitudes as low as 0.5 and 1.0 ms Ϫ2 r.m.s. The present study shows that vibration close to the absolute threshold for the perception of vibration can provoke reductions in FBF. The greater reduction in FBF with the greater vibration magnitude appears to have been due partly to the greater magnitude being above the perception threshold of more subjects. In previous studies with much greater magnitudes it is not known why there was greater vasoconstriction with greater magnitudes. Greater magnitudes of vibration will increase excitation via the Pacinian channel and also increase the probability of excitation of other channels. Additionally, with greater magnitudes of vibration there is greater transmission of vibration away from the point of excitation, resulting in mechanoreceptors being excited over a larger area. The involvement of the Pacinian channel, which has been shown to have spatial summation properties in psychophysical studies of hand-transmitted vibration (15, 30) , would suggest that such "spreading" of the excitation with increased magnitude of vibration might increase the response. In the present study, spreading was prevented by the surround around the vibrating probe so that the area of excitation is not expected to differ between the low-and high-magnitude vibration. Acute exposures to vibration can produce temporary elevations in thresholds for the perception of vibration in those channels stimulated by the vibration (15) . The extent of the increase in threshold depends on the vibration exposure, with stronger and longer exposures provoking greater increases in thresholds and longer recovery times. Exposure to 125-Hz vibration can result in thresholds being elevated for up to 25 min after exposure, but this appears to require exposures much more severe than employed in the present study (e.g. , with vibration magnitudes around the perception threshold. Repeated exposures to vibration magnitudes close to the perception threshold do not appear to cause systematic or significant increases in 125-Hz thresholds at the fingertips (20) . The low-magnitude and shortduration exposure in the present study may not have been sufficient to cause a change in the sensitivity of the Pacinian channel (22, 28) .
With a constant magnitude of vibration, it may be expected that sensitivity to vibration would gradually decline during exposure, with a consequent gradual reduction in the vasoconstriction. Mostly, constant vasoconstriction has been reported over exposures lasting 15 min, but one study has reported evidence of a nonsignificant reduction in vasoconstriction after 30 min (4). In those suffering from occupational exposures to hand-transmitted vibration it is common for the neurological component of the hand-arm vibration syndrome to include elevated thresholds for the perception of vibration, including perception via the Pacinian channel. The present results might suggest lesser reductions in FBF during acute exposures of such workers to low magnitudes of vibration. However, their prior exposure to vibration may be associated with a vascular component of the hand-arm vibration syndrome (e.g., VWF) that causes them to have reduced blood flow with or without acute exposure to vibration, so any vibration that further reduces FBF might be considered undesirable. Indeed, like exposure to cold, vibration can cause vasoconstriction and may therefore increase the chances of an attack of VWF.
On both the exposed and the unexposed hand, FBF gradually returned toward pre-exposure levels after the cessation of vibration. In some previous studies, FBF has decreased after cessation of vibration, with the extent of the reduction and the duration of the reduction increasing with increased magnitude or increased duration of the exposure to vibration (4 -6, 8) . Relation between vibration-induced vasoconstriction and vibrotactile perception threshold. When exposed to vibration greater than their absolute thresholds, subjects with lower thresholds showed greater reductions in FBF. When exposed to vibration below threshold, there was no significant change in FBF and no correlation between thresholds for perceiving vibration and FBF.
This study appears to be the first to report an association between perception thresholds and changes in FBF. This suggests that mechanoreceptors, most likely the Pacinian system, are involved in some of the changes in FBF caused by vibration. Previous studies have hypothesized that vibration may elicit a central sympathetic reflex through the activation of mechanoreceptors (7, 11, 19, 31) . The subcutaneous Pacinian corpuscles are anatomically connected with sympathetic nervous fibers (32) and neurophysiological evidence shows they are highly sensitive to vibration at frequencies between ϳ63 and 500 Hz (15, 38) .
Many previous studies have also found that vibration can reduce FBF on both the exposed and the unexposed hand (4 -6, 8, 19, 34) . Färkillä and Pyykkö (13) examined pulse wave changes among professional lumberjacks and concluded that vibration exposure to the left hand produced vasoconstrictions in the right hand. Sakakibara et al. (31) reported that vibration applied to the palm of the left hand reduced the blood flow in the right index toe. All these observations are consistent with increased activity of mechanoreceptors contributing to a central sympathetic response that causes digital vasoconstriction in areas of the body distant from the site of application of the vibration (3, 7, 29) .
Vibration may activate mechanoreceptors other than the Pacinian corpuscle. Although the association between 125-Hz thresholds and changes in FBF induced by 125-Hz vibration seem convincing they do not establish a causal relationship. The vibration used in present study was of very low magnitude compared with previous studies, so even if only the Pacinian channel was involved here it cannot be concluded that the Pacinian corpuscles are the only mechanoreceptors involved in vibration-induced changes in FBF. Further studies are needed to distinguish the response of the Pacinian system from activity in other mechanoreceptors.
Sex. The 20 women participating in the present study had lower thresholds for the perception of 125-Hz vibration at the thenar eminence than the 20 men (0.43 compared with 0.64 ms Ϫ2 r.m.s.). Studies of the effects of sex on vibrotactile thresholds have produced contradictory conclusions: some have found no difference between men and women (14, 33) whereas others have reported small but statistically significant differences, with either men or women more sensitive. In 378 subjects aged 20 to 60 yr, Wild et al. (40) found that thresholds at the fingertip were lower in men than in women. In contrast, with 530 subjects aged 3 to 79 yr, Hilz et al. (23) reported significantly lower thresholds among women, as in the present study. A study of vibrotactile thresholds at five European test centers found the effect of sex on thresholds varied between centers, with no overall consistent pattern for either men or women to be more sensitive (21) . With generally small changes associated with sex, they might be explained by other differences between populations. The menstrual cycle might have an influence: women are reported to have greater sensitivity to vibration during menstruation (12) . Finger size might also have an influence: if smaller fingers have a greater density of Pacinian corpuscles, this may result in lower thresholds when exciting the same area of skin on women, who tend to have smaller fingers. Whatever the explanation in the present study, it may be concluded that vibrotactile thresholds can differ between the sexes but that the effect is generally small and variable.
Lower absolute measures of FBF and lower FST in women before exposure to vibration are consistent with previous studies (11, 26) . The greater vibration-induced reductions in FBF in women than in men may be explained by the lower vibrotactile thresholds of the women (Fig. 4) . Subject stature, weight, BMI, and age were not correlated with thresholds or with FBF within the male or female subgroups, so are probably not responsible. Finger volume and FBF were greater in men, and FBF was correlated with finger volume in both men and women. This allows the possibility that some of the difference in vascular response to vibration in men and women was associated with differences in finger size and FBF. Further studies are needed to improve understanding of individual factors associated with both acute and chronic effects of hand-transmitted vibration.
Conclusion. During localized exposure of the thenar eminence of one hand to 125-Hz vibration at magnitudes greater than the threshold of perception, FBF is reduced in fingers on both the vibrated and the nonvibrated hand. The extent of the vasoconstriction is correlated with the vibrotactile perception threshold, such that there is a greater reduction in FBF during exposure to vibration in those with lower thresholds. With 125-Hz vibration at magnitudes greater than perception threshold, the vasoconstriction increases with increasing magnitude of vibration. The mechanoreceptors responsible for perception of vibration at 125 Hz (e.g., Pacinian corpuscles) may be involved in some of the vasoconstriction caused by vibration. Women tend to have lower vibrotactile thresholds and show greater vibration-induced reductions in FBF than men. 
